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ト，PA： 太平洋プレート， PHS：フィリピン海プレート．  
Fig. 1.1  Tectonic setting of Japan with location of the study area.
Abbreviations are: EUR, Eurasia Plate; NA, North American Plate; PA, Pacific 






































































EYBFZ：横手盆地東縁断層帯．(b)は平田ほか（1999b）およびSato et al. (2002a)による.
Fig. 1.2  (a) Topographic map of the Northern Honshu Island. Shaded relief map is constructed using a 
250-m digital elevation model published by Geographical Survey Institute. Active fault traces are 
based on the Research Group for Active Faults of Japan (1991). Line X-Y shows a location of (b). 
Abbreviations are EYBFZ, Eastern margin of the Yokote basin fault zone; WKLFZ, Western margin 
of the Kitakami lowland fault zone. (b) Cross-section showing geologic interpretation of deep seismic 
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図1.3　東北日本弧の新生代における地殻構造発達史(Sato and Amano ,1991).
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Fig. 2.2  (a) Schematic diagram for seismic reflection profiling and (b) surface shot-
geophone spread.
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V1 (First layer velocity)
V2 (Second layer velocity)
Direct wave (Slope = 1 / V1)
Refracted wave
















Fig. 2.3  (a)Travel time diagram for a two-layer case and (b) shot record.
The shot record at 10-120 Hz sweep frequency Unjono2004 seismic survey. 
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図2.4　水平2層構造における反射波の走時計算．
Fig. 2.4  (a) Section through a single horizontal layer showing the geometry of reflected 
raypaths. (b) Schematic image of the equation for the travel time. (c) Time-distance curve 





































Fig. 2.5  Conceptual cartoon of Common mid-point stacking method.
Given the source-receiver layout and corresponding raypaths for a common mid point  spread, shown in 
(a), the resulting seismic traces are illustrated in (b), uncorrected CMP gather (on the left), NMO 
corrected gather on the center, and  the final CMP stacked gather (on the right).
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（a）マイグレーション前，（b）マイグレーション後，（a）の反射面 R1 ～ R10 は
マイグレーション処理によって，それぞれ（ｂ）の R1’ ～ R10’ に移動する．
Fig. 2.6  Seismic section example before (a) and after (b) migration (after Ito et al.,1998).  






































































Fig. 2.8  fault-bend fold and fault-propagation fold (Suppe, 1985). A A’and B B’ are axial 
surface.
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図 2.9　バランス断面図の作成方法 (Lave and Avonuc, 2000 より )．
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Fig. 3.1  Topographic map showing locations of active fault scarp in the EYBFZ (The Research Group of 
Active Faults of Japan, 1991). Shaded relief map is constructed using 50-m digital elevation model 
published by Geographical Survey Institute. Solid and dashed lines indicate active fault scarps where 
precisely located and inferred, respectively. Barbs indicate hanging-wall side of active thrust faults. Open 
circles indicate locations of the coseismic surface ruptures assosiated with the A.D.1896 Rikuu earthquake 
(Matsuda et al., 1980).  The epicenters of  recent earthquakes (M > 6) after Utsu (1979) and Usami(1986).
0 20km
1: Faults group of the western flank of the Komagatake 2: Shiraiwa and Rokugo faults group
































































































1914, M7.1 1896, M7.2
1970, M6.21914, M6.1




Fig.3.2  Correlation of the terrace classification in the study area.
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Fig. 3.3  Geologic map of the study area, simplified from Ozawa and Suda (1980), Ozawa et al. (1988) and 
Usuda et al. (1976, 1977, 1980, 1986a). Active fault traces are based on The Research Group of Active 
Faults of Japan (1991), Ikeda et al. (2002) and Nakata and Imaizumi (2002)  .Bouguer gravity anomalies 















































































Usuda et al.(1980) Usuda et al.(1976) Usuda et al.(1977)
図3.4　調査地域における地質層序対比表．
臼田ほか（1976，1977，1980，1986a）および池辺（1962）による．
Fig. 3.4  Correlation of the stratigraphic classification in the study area (after Usuda 
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Fig.4.1 The map showing distribution of terraces and active faults in and around the Obonai basin. 
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Fig.4.2  The map showing distribution of terraces and active faults along the eastern fringe of the Yokote basin. 
Contour interval is 10m. Distribution of amount of vertical slip associated with the Rikuu earthquake in 1896 is shown 






Fig.4.3  Columnar sections in the study area.
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図 4.6　田沢層のルート柱状図．ルートの場所は図 4.1 の Loc.OB10.
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Fig.4.7  Tectonic map of the Obonai basin.
Geologic map modified from Ozawa and Suda (1980), Ozawa et al. (1988) and Usuda et al. (1980, 1985, 1986a). Solid 
and dashed lines indicate active fault scarps where precisely located and inferred, respectively. Barbs indicate 
hanging-wall side of active thrust faults.Red lines indicate locations of the coseismic surface ruptures during the 1896 
































































































































































































































Fig.4.9  Schematic geologic cross-section in Obonai basin.
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Fig.4.11  Tectonic map of the Shiraiwa and Ota area.
Geologic map modified from Ozawa and Suda (1980), Ozawa et al. (1988) and Usuda et al. (1976, 1977, 1980). Solid 
and dashed lines indicate active fault scarps where precisely located and inferred, respectively. Barbs indicate 
hanging-wall side of active thrust faults.Red lines indicate locations of the coseismic surface ruptures during the 1896 





























































































Fig.4.13  Outcrop of a thrust fault along the Kotaki river at Loc.2.
Abobe, whole outcrop view, Center, zoom on the thrust fault. Bottom, Sketch of 




















Fig.4.14  Kink band fold in the Yoshizawagawa Formation at Okan-nari (Loc.3).























X-X’, Y-Y’ Z-Z’は地形断面の位置を示し，それぞれ図6.2に示す．C-C’, D-D’は浅層反射法地震探
査測線の位置を示し，結果はそれぞれ図5.3および図5.4に示す．この他の凡例は図4.13参照．
Fig.4.15  Tectonic map of the Senya Hills.
Profile X-X’, Y-Y’ and Z-Z’ are shown in Fig.6.2. Profile C-C’and D-D’ indicate seismic lines, these 



















































































































Fig.4.16  Outcrop of thet 1896Rikuu earthquake fault at the Omichi River.
Calibrated radiocarbon data are added (modified Imaizumi et al., 2006). Location 
of the outcrop at Loc.9 in Fig.4.2.
740-690 cal yBP
910-860 cal yBP
1140-1060  cal yBP
870-790  cal yBP
975-935  cal yBP
990-930  cal yBP
735-695  cal yBP
1090-1050  cal yBP





















































































Fig.4.17  Geologic profile across the Senya Hills .The Unjono 2004 seismic line and the Senya96 seismic line 
are shown in (a) and (b) sections. Locations of boring (after Usuda et al., 1976) and abbreviations (SY3, SY2, 


















Fig.4.19  Distribution of the low relief surface in the Mahitu Mountains. 
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Table 5.2.  Processing parameters for seismic data
A.  Kotaki 2005 seismic data
CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t1.2,  Auto gain control gate length: 600 msec
Deconvolution Gate length: 1000 msec, Operator length: 100 msec
White noise scale factor: 5 %
Static Correction Time-term method, Two layers model
Weathered layer (600 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 20 CMP 
Time-Varying filter Time and frequency : 0-400 msec, 20/28-100/110 Hz   
: 400-850 msec, 18/24-90/100 Hz
: 850-2000 msec, 10/15-80/90 Hz
F-X Prediction Filter Gate length: 30 traces, Operator length: 3 traces, 
Window length: 500 msec
Post-stack Migration Velocity scaling: 70 %
B. Kawaguchi 2003 seismic data
CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t1.2,  Auto gain control gate length: 300 msec
Deconvolution Gate length: 1200 msec, Operator length: 120 msec
White noise scale factor: 5 %
Static Correction Time-term method, Two layers model
Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 100 CMP 
Time-Varying filter Time and frequency : 0-700 msec, 18/24-100/120 Hz   
: 700-2000 msec, 10/15-80/90 Hz
F-X Prediction Filter Gate length: 50 traces, Operator length: 5 traces, 
Window length: 700 msec
Post-stack Migration Velocity scaling:100 %
C. Unjono 2004 seismic data
CMP Sorting CMP interval: 5 m
Gain Recovery Auto gain control gate length: 600 msec
Deconvolution Gate length: 1500 msec, Operator length: 150 msec
White noise scale factor: 5 %
Static Correction Time-term method, Two layers model
Weathered layer (700 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 20 CMP 
Time-Varying filter Time and frequency : 0-700 msec, 18/24-100/110 Hz   
:  700-1100 msec, 15/20-90/100 Hz
: 1100-3000 msec, 10/15-80/90 Hz
F-X Prediction Filter Gate length: 50 traces, Operator length: 5 traces, 
Window length: 500 msec
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Fig. 5.1  (a) Location map of the A–A’ seismic survey line and CMP numbers. (b) Depth converted 
seismic section of the Kotaki 2005 seismic line (Profile A–A’). (c) Interpreted depth seismic profile of 
the Kotaki 2005 seismic line (Profile A–A’).  Locations of the profile and boreholes are shown on Fig. 
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Fig. 5.2  (a) Location map of the B–B’ seismic survey line and CMP numbers. (b) Depth converted seismic 
section of the Kawaguchi 2003 seismic line (Profile B–B’). (c) Interpreted depth seismic profile of the 
Kawaguchi 2003 seismic line (Profile B–B’).  Locations of the profile and boreholes are shown on Fig. 4.11. No 
vertical exaggeration. For legend see Fig.5.1.






































































































Fig. 5.3  (a) Location map of the C–C’ seismic survey line and CMP numbers. (b) Depth 
converted seismic section of the Unjono 2004 seismic line (Profile C–C’). (c) Interpreted depth 
seismic profile of the  Unjono 2004 seismic line (Profile C–C’).  Locations of the profile and 
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Figure 5.4  Depth converted seismic section D–D’ . (b) and interpreted section (c), (a) Location map 
of the D–D’ seismic survey line and CMP numbers. See Fig. 4.15 for locations of the seismic section 
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6.1
Table 6.1  Average slip rate based on the fault geometry and fission-track data.
Coseismic vertical







Shiraiwa fault 1.5 25°E 0.78-0.89 0.38-0.43 0.88-1.00
Ota fault 2 40°E 0.60-0.68 0.50-0.57 0.78-0.89
Senya fault 3 35°E 1.07-1.22 0.75-0.86 1.31-1.49
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*Average slip ratecosiesmic rupture













図 6.1　地表地震断層の平均変位速度分布と上下変位量分布 ( 今泉，1992)
































































































Fig.6.2  Topographic profile of river terraces and river bed across the Senya Hills. 
Right side figure shows geometric elements used in caluculating fault slip, ramp dip, and depth of listric faulting from 
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Middle Miocene strata 
(Mahirugawa Fm.)
Middle to Late Miocene strata 
(Miroku Fm ., Yoshizawagawa Fm.)
Plio-Pleistocene strata
(Senya Fm.)






Fig.6.3  Balanced cross-section across the Shiraiwa fault based on the 
borehole, seismic and surface data. 
Solid line: active fault, dotted line: inactive fault and dashed line: incipient 

























Fig.6.4 Balanced cross-section across the Ota fault based on the borehole, 
seismic and surface data. 
Legends are shown in Fig.6.3. Abbreviations about geology and fault on 
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Fig.6.5 Balanced cross-section across the Senya fault based on the borehole, seismic and surface data. 
Legends are shown in Fig.6.3. Abbreviations about geology and fault on sections are shown in Fig.4.15, 



































▲　▲  ▲  ▲  ▲  ▲  ▲  ▲  ▲  ▲  ▲  ▲
  ▲










































































































































































































































































































































































































































































































































































































































































1.  Pre-deformation (2.0~2.6 Ma)
図 6.7　千屋丘陵～真昼山地に至る地形断面（図 4.20）とバランス断面図 (1.~3.；図
6.8（C）断面 )．バランス断面図の作成については図 2.9 による．
Fig. 6.7  Longitudinal profile ( Fig. 4.20) and balanced cross-sectios (1.~3.；Fig. 6.8 (C)) 
across the Senya Hills and Mahiru Mountains. Methodlogy of the balanced cross-section is 

































3.  Thrust-front migration(~0.35Ma)
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Eastern margin of the Yokote basin fault zone
Kanezawa fault Senya fault Ota fault Shiraiwa fault




(a) 日本の主要な逆断帯にみる逆断層の湾曲率 .(b) 横手盆地東縁断層帯の例 .
Fig. 6.9  Curvature on thrust fault traces.  
(a)Plot of amplitude versus chord length of the major thrust fault in Japan. (b) Example of the 
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Active tectonics on the western flank of the Ou Backbone Range, 
revealed by tectonic geomorphology, structural geology,  




We present new structural models of coseismic fault scarp along the eastern margin of the 
Yokote basin fault zone (EYBFZ) associated with a large thrust earthquake occurred in A.D. 1896 in 
northeast Japan. Here we focus on underlying thrust trajectories and its structural relation to 
coseismic fault scarp, and kinematic history of active thrusting along the EYBFZ. High-resolution 
seismic reflection data across the EYBFZ are combined with to geologic mapping and borehole 
stratigraphy, to define deformation mechanisms that have acted to build it since early Pleistocene 
time. In our view, this intraplate active thrust system is interesting in that the 1896 coseismic fault 
scarps tightly coincident with an east-dipping emergent thrust ramp formed within the Miocene 
mudstone. In spite of complex thrust trajectories at depth. In addition, we also discuss about 
difference between the long-term and short-term uplift rates along the EYBFZ.   
High-resolution seismic reflection profiles across coseismic fault scarps during the A.D. 1896 





insights into its detailed kinematic history and structural evolution. Structural analyses on 
cross-sections across the Shiraiwa, Ota, and Senya segments indicate that these three segments have 
commonly formed as forward breaking, active imbricate thrust systems, although they are separated 
from each other based on structural discontinuities. All three sections indicate that imbrications of 
thrust ramps has occurred within middle to late Miocene mudstone and siltstone (Miroku and 
Yoshizawagawa Formations), where decollement or shallowly dipping thrust ramp has formed 
subparallel to bedding. This indicates that mechanical decoupling between layers has strongly 
affected on branching of thrust faults. In contrast to complex geometry of shallow structures, basal 
thrust ramp commonly dips eastward at about 30º. This is consistent with emergence of coseismic 
fault scarps along three segments, in spite of along-strike variations of thrust geometries at shallow 
depth.   
Near surface complexity of thrust geometries appears strongly affected by mechanical 
decoupling between layers within shallow marine mudstone. Cross section balancing across the 
Mahiru Mountains shows strong coupling of mountain topography with long-term (106yrs) uplift, in 
spite of their weak coupling with amount of short-term (104yrs) uplift rates and coseismic uplift. 
This suggests that mechanical decoupling of Miocene mudstone that has worked as frontal emergent 
thrust faults may have enhance slip at coseismic to short timescales. 
Total amounts of horizontal shortening were estimated to about 2.3 to 3.2 km. The estimated 
structural contour map of the top of the Miroku Formation suggests that the amount of uplift 





Patterns of uplift seem to correspond to overall topography of the Mahiru Mountains and Ou 
backbone Range, indicating that tectonic uplift driven by active thrusting of the EYBFZ is primarily 
responsible for mountain building process. 
Topography of the Mahiru Mountains is consistent with spatial distribution of structural uplift 
on the hanging-wall of the EYBFZ, although traces of active faults at ground surface are commonly 
complex. This suggests that long-term accumulation of slip along the whole extent of the EYBFZ 
has formed mountain topography. Whereas long-term total amount of uplift and mountain 
topography concordantly decreases southward, coseismic uplift measured from scarp height of 
coseismic fault scarp and late Pleistocene uplift rate apparently decreases northward. This 
inconsistency suggests that the amount of uplift at shorter timescale may be enhanced by mechanical 
decoupling between layers of the Miroku Formation, within which emergent thrust ramps are 
inferred.  
